Objective: This study aimed to investigate the reliability and validity of a personal computer-based muscle viewer (PC-BMW) compared with that of a portable ultrasound (P-US) for measuring upper trapezius (UT) and transversus abdominis (TrA) muscle thickness at rest and during contraction. Design: Observational inter-rater reliability study. Methods: Fifty-five healthy participants (25 men, 30 women) participated in this study. PC-BMW and P-US were randomly measured at the UT and TrA muscles. Two examiners randomly obtained the images of all participants in 3 test sessions lasting 2 days. Intra-class correlation coefficients (ICCs), standard error of measurement, contraction ratio, and correlation were used to estimate reliability and validity. Pearson's correlation coefficients were used to analyze the relationship between muscle thickness measures taken from PC-BMW and P-US. Results: The intra-rater reliability ICCs of UT and TrA muscle thickness for the PC-BMW were >0.995, indicating excellent reliability. Inter-rater reliability ICCs for the PC-BMW ranged from 0.963 to 0.987. The P-US also exhibited high reliability. A high correlation was found between the measurements of the two muscles in PC-BMW and P-US (p<0.01). Conclusions: PC-BMW provides clear and excellent images, is pocket-sized and less expensive than a conventional ultrasound imaging system. PC-BMW can be utilized variously and has the advantage of rehabilitative ultrasound imaging. More research is needed to evaluate the utility of PC-BMW for rehabilitation.
Introduction
The structure of the skeletal muscle is key to the performance of functional human movement [1] . Recently, rehabilitative ultrasound imaging (RUSI) has become a common method for evaluating skeletal muscle structure. In addition, like magnetic resonance imaging (MRI), RUSI can clearly distinguish between muscle and tissue, and it is possible to generate a high-quality image of the muscle structure [2] . RUSI has the advantage of being relatively userfriendly, and can quantitatively measure various aspects of muscle structure including muscle fiber size, thickness, length, cross-sectional area, and pennation angle [3] [4] [5] [6] . These variables are highly correlated to muscle strength, efficiency and muscle movement [7, 8] . Muscle thickness and strength are closely related variables and have been used to identify the most useful structural changes in muscles during therapy [4, 9] . Moreover, RUSI may provide real-time visual feedback enabling the proper performance of muscles during exercise [10] .
Several studies have investigated the validity and reliability of the ultrasound measurement of the limbs and trunk Original Article muscles [2, [11] [12] [13] [14] [15] [16] [17] [18] [19] . Of the many muscles researched using RUSI, the transversus abdominis (TrA), which is associated with lower back pain, has been extensively investigated being one of the muscles with the greatest effect on exercise. Most muscles thickness studies, of muscles at rest and during contraction, using ultrasound have shown high reliability and validity [12, 15, 20] . However, studies involving RUSI showed that the standard error of measurement (SEM), in the case of the upper trapezius (UT) which contributes to neck and shoulder pain, revealed a slightly higher tendency of contraction and rest conditions when compared to that of the muscles of the trunk [13, 21] . Although musculoskeletal ultrasound studies have been variously attempted, more research is needed regarding the measurement of dynamic contraction in the posture that can be resolved in muscle activity.
Despite the many advantages of conventional ultrasound, it is heavy and expensive. Recently, a personal computerbased muscle viewer (PC-BMW) which addresses the disadvantages of conventional ultrasound, has been developed. PC-BMW has created Telemed TM , which provides clear and excellent images, is pocket-sized, and less expensive than a conventional ultrasound imaging system. In addition, one more advantage of this device is that it can be used to download free PC software from anywhere. Unlike conventional portable ultrasound (P-US), not the process of storing and outputting measurement data require additional useful management of data. Therefore, the purpose of the study was to establish the reliability and validity of PC-BMW against ultrasound imaging for measuring UT and TrA muscle thickness.
Methods

Subjects
Fifty-five healthy individuals (25 men, 30 women) with no history of skeletal muscle pain were recruited for the study. Healthy subjects aged between 18 and 50 years, with a full active range of motion, without pain in the neck, shoulder, arm, and lower back were included. The exclusion criteria were: past or present musculoskeletal or neuromuscular disorders in the neck, shoulder, arm, and lower back; pregnancy-; malignant tumors-; and obesity body mass index >30 kg/m 2 . The study was approved by the Institutional Review Board of the Sahmyook University (SYUIRB 2-1040781-AB-N-01-2016004HR) in Seoul.
Procedures
Muscle thickness measurements were performed with a PC-BMW (MicrUs EXT-1H; TELEMED, Vilnius, Lithuania) and a Medison Mysono P-US system (U5; Samsung Medison, Seoul, Korea) (Figures 1, 2) . The PC-BMW is a new generation of universal serial bus powered small-sized ultrasound imaging equipment. In this study, the PC-BMW system used a 12-MHz linear transducer for both measurement conditions. A P-US was also used with a 12-MHz linear transducer to obtain images. The two imaging measurements via the two devices were conducted by two examiners, with more than 3 years' experience in musculoskeletal ultrasound imaging.
The participants assumed two positions in rest and contraction for the measurement of the UT muscle thickness. For the resting position, the participants were sat upright in a neutral position with the head straight-; the dominant side was measured. For contraction, the participants held the arm at 30 o abduction for 10 seconds [21] . In the two positions, the participants were asked to fully extend the elbow and a goniometer was used for the maintenance of the arm's abduction angle. To determine the transducer placement, the examiners drew lines with a kohl pencil from the mid-line between C6 and the angle of the acromion. The probe was placed parallel to the muscle fibers, and the examiners asked Values are presented as number only or mean (SD).
the participants to maintain a fixed position. Scan images of the UT muscle thickness were calculated 2 cm lateral to the triangular myo-fascial junction at a direction of the muscle belly plane [13] . The TrA muscle thickness on the dominant side was measured during rest and in abdominal drawing-in maneuver (ADIM). Participants were examined in the hooklying position at rest with their knees flexed at 90 o in the supine position [22] . The probe was transversely placed on the middle abdominal region between the border of the 11th costal cartilage and the anterior superior iliac crest [15] . To perform ADIM for TrA contraction, participants were instructed to "take in a deep breath, draw your belly button up and in towards your lumbar spine" [14, 23] . For the quantification of the ADIM, we used a pressure biofeedback unit (PBU) (Stabilizer; Chattanooga Group Inc., Hixson, TN, USA) [24] . After setting a pressure of 40 mmHg in the PBU, the ability to contract the TrA muscle resulted in a pressure reduction from 4 to 10 mmHg [25, 26] . The participants rested for 1 to 2 minutes after ADIM to reduce the influence of fatigue. The image was measured by drawing a line 1.5 cm apart from the myo-fascial junction and a vertical line was drawn for the 3 muscles layers (external oblique, internal oblique, transverse abdominis) [27] . All images were measured by the two examiners for two days.
Data analysis
All demographic data were analyzed for descriptive statistics. To describe the intra-and inter-rater reliability of UT and TrA muscle thickness at rest and during contraction, intra-class correlation coefficients (ICCs) and 95% confidence intervals (CIs) were calculated. ICCs of the type (3,1) were used to evaluate the reliability of the data. ICCs <0.50 were considered poor; 0.50 to 0.75, moderate to good; and >0.75, excellent reliability [28] . Based on the reliability coefficients, SEM was calculated as standard deviation×      . To investigate the linear relationship between the two methods, Pearson's correlation coefficient (r) and the r 2 value were used. The statistical analyses were performed using PASW Statistics ver. 18.0 for Windows (IBM Co., Armonk, NY, USA).
Results
Demographic characteristics
Participants characteristics were as follows: 55 healthy participants (male=25, female=30) with mean age 28.41± 3.77 years, mean weight 62.58±12.75 kg, and mean height 166.30±7.13 cm. The mean body mass index and waist circumference were 22.45±3.27 kg/m 2 and, 74.42±9.11 cm, respectively (Table 1) . 
Intra-rater reliability analysis
A summary of the results for the intra-examiner reliability of UT muscle thickness for the 3 sessions performed by 2 examiners is shown in Table 2 . For UT muscle thickness, the ICCs for intra-rater reliability ranged from 0.990 to 0.999 and the CI was within an acceptable range of 0.992 to 1.000. The SEM values ranged from 0.084 to 0.410 cm for UT. For TrA muscle thickness, the ICCs for intra-rater reliability ranged from 0.924 to 0.998 (Table 3 ). The SEM values of TrA ranged from 0.058 to 0.373. Inter-rater reliability analysis
For the muscles, the ICCs for inter-rater reliability ranged from 0.889 to 0.987 (Table 4 ). The SEM values of UT ranged from 0.522 to 1.019 cm, and the SEM values of TrA ranged from 0.145 to 0.296.
Correlation between muscle thickness measurements taken from PC-BMW and P-US
The results showed a good correlation between PC-BMW and P-US measurements of UT (p<0.001) and TrA (p<0.01) muscle thickness for examiner 1 (E1) and 2 (E2) ( Table 5 ).
Discussion
The aim of this study was to investigate the reliability and validity of PC-BMW compared to that of conventional P-US. PC-BMW is convenient to use and may be employed to quantify muscle structure non-invasively like conventional ultrasound, but is considerably lighter in weight and less expensive.
In this study, PC-BMW of the UT muscle had a good intra-rater reliability (E1 rest ICC=0.998, E1 contraction ICC=0.999, E2 rest ICC=0.999, E2 contraction ICC=0.985-0.999) and a good inter-rater reliability (rest ICC=0.966, contraction ICC=0.964). In the study by Leong et al. [21] , which involved UT measurement, the reliability of rest and 30 o shoulder abduction position tissue stiffness (supersonic shear imaging) was very good (intra-rater rest ICC=0.97, contraction ICC=0.93, inter-rater rest ICC=0.78, contraction ICC=0.83). Similarly, in this study, we used previous research methods, which had shown high reliability. Both devices showed a high reliability for UT measurement, but PC-BMW showed slightly higher values than P-US. When using the two devices during the experiment, the image output of PC-BMW more clear than that of P-US for distinguishing the boundaries of the fascia. The difference in clarity between the two devices is considered to have affected the results. We found a good intra-rater and inter-rater reliability in the PC-BMW measurement of the TrA muscle (ICC= 0.924-0.998, and 0.963-0.987, respectively). In previous studies, the reliability of ultrasound measurement of TrA during rest and ADIM was very high with most values >0.900 [12, 15, 20] . Properly performing ADIM, depends on the accurate perception of the participants and task repeatability [12] . In this study, to reduce these effects, participants used the PBU to learn how to quantitatively perform ADIM experiments were carried out before the start of sufficient training.
The primary purpose of this study was to investigate the validity of PC-BMW for measuring the muscle thickness of UT and TrA compared to that of P-US. A high correlation was found between measurements of UT muscle thickness in PC-BMW and P-US (rest E1 r=0.842, E2 r=0.890 contraction E1 r=0.786, E2 r=0.905). Moreover, the correlation of TrA muscle thickness was higher (rest E1 r=0.690, E2 r=0.719, contraction E1 r=0.727, E2 r=0.805), and UT showed higher correlation values. In a previous validity study comparing MRI and US, UT showed good correlation values (r=0.52, p<0.001) [13] . The results were used as the proper method to measure the muscle structures. PC-BMW is not determined by anything on the image output as compared to conventional P-US. PC-BMW used proprietary software, the Echo Wave II ver. 3.5, and calculated the length measured at the same time as image viewing. In the case of P-US, after moving image files to the PC, the Sante Dicom viewer program (Dicom Softwere, Santesoft Ltd., Athenes, Greece) was used to view the output. We believe that we were able to observe differences in length and make measurements based on the PC resolution and type of program. Further research evaluating the utility of PC-BMW for rehabilitation and measurement of other muscle contraction conditions is needed. The PC-BMW device is considered as a clinically useful method for assessing muscle structure.
